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Introduction: Graphene Optoelectronics KAIST
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Graphene Doping KAIST

Chemical doping Electrical doping Photo doping
- Pros: Permanent doping | - Pros: Dynamic control - Pros: Dynamic control
- Cons: Passive control - Cons: Fixed gating pattern Reconfigurable doping
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Mechanism of Photo-Doping KAIST
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Previous Works: Photo-Doping of Graphene KAIST
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KAIST

Perovskite-Graphene Heterostructure
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Previous Studies: Perovskite-Graphene Photo-Doping KAIST
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Previous Studies: Responsivity- Focused KAIST

Perovskite Island(Wang, 2015) Au NPs(Sun, 2016) P3HT HTL(Xie, 2017)
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- Focused on responsivity only
- No discussion on doping level
- Different parameters of device geometry & measurement
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Thesis Statement KAIST

“Enhanced Photo-Doping of Graphene
at Perovskite-Graphene Heterostructure.”

We demonstrate more than 50% increase of
carrier density variation compared to previous studies
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Device Structure KAIST
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Self Assembled Monolayers KAIST

Solution: ODTS 10mM in TCE
Drop cast: 10s

Spin coating: 3000rpm 10s
Annealing: Ammonia gas < } Hydrophilic {
Post Annealing: 120°C 20min

Rinse: Toluene

- Device structure Hydrophobic
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PEDOT:PSS W
MoO, / /
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p-Si - Reduce surface traps, especially roughness.
- Grab dangling bond of SiO,
M. Lafkioti et al,, Nano Lett., 2010, 10, 4, 1149-1153 - Tune surface energy, especially reduce interfacial trapped water.
D. H. Kim et al., Adv. Funct. Mater., 2008, 18, 1363-1370 . . .
Y. Ito et al., J. AM. CHEM. SOC., 2009, 131, 26, 9396-9404 - Reduce remote interfacial phonon scattering
W. H. Lee et al., Adv. Mater., 2011, 23. 3460-3464 13

X.Wang etal, Adv. Mater, 2011, 23, 2464-2468 - Alkyl chain length is critical factor for effect of SAMs




Self Assembled Monolayers KAIST

<Improved mobility>
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Graphene

- Device structure

- Graphene

MAPbI,
PEDOT:PSS

MoO,
ODTS
SiO,

p-Si

Lee et al., Nano letters, 2010,10.2, 490-493
A. C. Ferrari et al., PRL, 2006, 97.18, 187401

KAIST

Graphene: CVD growth (Graphene Square)
Spin coating: PMMA 950K A4 3000rpm 60s
Soft bake: 110°C 15s

Cu etchant: Ammonium persulfate 0.15M
Float in APS - Scoop - Dry = Strip
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Graphene KAIST

- Device structure

- Graphene
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MoO;: Improved Wettability KAIST

N |« E”
‘ 4

- Device structure

MoO, Deposition: O.L&/s (ADEC)
Target thickness: 2nm
Annealing: 150°C 10min

- MoO;,

MAPbI,

; PEDOT:PSS
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MoO;: Improved Band Alignment KAIST
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PEDOT:PSS

- Device structure

— PEDOT:PSS
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PEDOT:PSS: Clevios P VP Al 4083 (ADEC)
Target thickness: 30nm

Concentration: PEDOT:PSS:D.l.=1:1
Spin coating: 5000rpm 30s

Annealing: 100°C 10min

8 ©
v YV o
Q o
VAP o . PEDOT:PSS <
) © < VIAFDI; S 2
m O mn Q
39eviuMO O ®© 3.9 eV LUMO O ©
""""" S % )y T X
= =
5.4 eV HOMO 5.4 eV HOMO

- Electron blocking layer
- HOMO alignment
- Interface Improvement 19



PEDOT:PSS KAIST

- Device structure
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MAPbI,

- Operating principle

- Device structure
- SAMs
— Graphene
- MoO,
— PEDOT:PSS
- MAPbI,

- Measurement & Discussion

d

PEDOT:PSS
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Sio,

p-Si

P. Su et al., Royal Society open science, 2017, 4.10, 170942
Y. Fu et al., JACS, 2015, 137.17, 5810-5818.

KAIST

¢ In Glove box, 2-step method
f Substrate: PEDOT:PSS
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Summary of Fabrication Steps KAIST

- Device structure

- SAMs
- Graphene
- MoO;,
> PEDOT:PSS
- MAPbDI, MAPDbI, o
Gr/MoO,/PEDOT:PSS
$i0,/ODTS
MAPDbI,
PEDOT:PSS p-Si
MoO,
ODTS
Sio, - p-type {111} single crystal Si
- 300nm SIO, - Dry oxidation
- 10mM ODTS - Spin coating
- Wet transferred graphene
- 2nm MoO;, - Metal evaporation
- 30nm PEDOT:PSS - Spin coating

- 400nm MAPDI; in glove box - 2-step spin coating 22




Measuring Set-up

- Operating principle
- Device structure
- Measurement & Discussion
- Equipment
— It Characteristics
— IV Characteristics
—> Comparison
— Normalization
—> Photocurrent saturation
— Carrier density

A = 633nm

Laser Source

IHlumination
Source

Z
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Micro Positioning

KAIST
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Measuring Set-up KAIST

- Measurement & Discussion

- Equipment )
anp <Beam spot size>
300
Distribution
| Fitting :
— 200|
=
8
I= N2
=3
,'3 100! 7N FWHM
~ 2um

0 . . . . .
0 20 40 60 80 100 120
Position (um)

24




Photocurrent Measurement KAIST
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Z.Jin et al., Sci. Rep., 2014, 4, 4268.

Photocurrent Measurement: I-t Characteristics KAIST
. - t t
Bi-exponential fit : I1;ynt = Ipgrk + A [exp (T—l)] + B [exp (Z)]
where T, : Recombination and Generation related
- Measurement & Discussion T, : Trapping Process
- It Characteristics . Iph ~ 306 pA _ Iph ~ 483 A Iph ~ 518 pA
<3 2000 ——12.5nW é 2000 | —— 185 nW <3 2000 - —— 809 nW
Sﬂ 1800 - g 1800—— -;C—; 1800 (
3 3 | 3 |
S 1600 D 1600} 0 1600}
S 5 | 5
&) S | 5
1400 T T T T 1400 T \ T T T 1400 T T T \
0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
Time (s) Time (s) Time (s)
12.5 nW 185 nW 809 nW
Rising time (s) | Falling time (s)| Rising time (s) Falling time (s) Rising time (s) Falling time (s)
Ty 3.4 8.1 12 16 3.5 10
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Bottom Gated Graphene Field Effect Transistor KAIST
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Photocurrent Measurement: [-V Characteristics KAIST

- Measurement & Discussion

- Responsivity
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Comparison with Previous Works KAIST
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Normalized Parameters KAIST
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Normalized Parameters KAIST
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- Measurement & Discussion VL e Y Lee
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Discussion on Photocurrent Saturation KAIST

- Responsivity, R o« 1/P,. : Photocurrent + Incident Power

- Measurement & Discussion
- Light absorption reduction - Screening effect
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Photocurrent and Photo-doping KAIST

Calculation of carrier concentration variation

- Measurement & Discussion @ ) Q — CV [C]
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(@ Carrier Density Variation from AV,

- Measurement & Discussion

— Carrier density

Y. Lee et al., Advanced materials, 2015, 27, 41-46.

Y. Wang et al., Advanced Optical Materials, 2015, 3, 1389-1396.

M. Spina et al., Small, 2015, 11, 4824-4828.

Z.Sun et al., Nanoscale, 2016, 8, 7377-7383.

C. Xie et al., ACS applied materials & interfaces, 2017, 9, 1569-1576.
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Limitations of Method (1)

- Operating principle
- Device structure
- Measurement & Discussion
- Equipment
— It Characteristics
— |V Characteristics
— Comparison
— Normalization
—> Photocurrent saturation
— Carrier density

Source/Drain
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C. Xie et al., ACS applied materials & interfaces, 2017, 9, 1569-1576.
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(2 Carrier Density Variation from Ly / I, KAIST
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Limitations of Method 2

- Operating principle
- Device structure
- Measurement & Discussion
- Equipment
— It Characteristics
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Conclusion
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We demonstrate more than 50% increase of
carrier density variation compared to previous studies
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